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(57) ABSTRACT

An object is to provide a ferritic stainless steel having excel-
lent oxidation resistance, while preventing a deterioration in
formability, without adding expensive chemical elements
such as Mo and W. Specifically, the ferritic stainless steel
excellent in oxidation resistance having a chemical composi-
tion containing, by mass %, C: 0.015% or less, Si: 0.40% or
more and 1.00% or less, Mn: 1.00% or less, P: 0.040% or less,
S: 0.010% or less, Cr: 12.0% or more and 23.0% or less, N:
0.015% or less, Nb: 0.30% or more and 0.65% or less, Ti:
0.150% or less, Mo: 0.10% or less, W: 0.10% or less, Cu: less
than 1.00%, Al: 0.20% or more and 1.00% or less, while the
relationship Si=Al is satisfied, and the balance being Fe and
inevitable impurities.

6 Claims, 1 Drawing Sheet
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FERRITIC STAINLESS STEEL EXCELLENT
IN OXIDATION RESISTANCE

TECHNICAL FIELD

The present invention relates to a ferritic stainless steel
having excellent oxidation resistance which can be ideally
used for the parts of an exhaust system which are used in a
high temperature environment. The parts are such as an
exhaust pipe and a catalyst outer cylinder (also called a con-
verter case) of an automobile and a motorcycle, and an
exhaust air duct of a thermal electric power plant.

BACKGROUND ART

The parts of an exhaust system such as an exhaust mani-
fold, an exhaust pipe, a converter case and a muffler are used
in the environment of the exhaust system of an automobile.
The parts are required to be excellent in a thermal fatigue
property, a high-temperature fatigue property and oxidation
resistance (hereinafter, these properties are collectively called
a heat resistance). For applications in which the heat resis-
tance is required as described above, nowadays, Cr contain-
ing steel to which Nb and Si are added such as Type429
(14Cr-0.981-0.4Nb) is often used. However, since an exhaust
gas temperature has become higher than 900° C. in associa-
tion with the improvement of engine performance, the ther-
mal fatigue property of Type429 has become unsatisfactory.

In order to solve this problem, Cr containing steel having a
high-temperature yield strength increased by adding Nb and
Mo, SUS444 (19Cr-0.5Nb-2Mo) conforming to JIS G 4305
and a ferritic stainless steel containing less Cr to which Nb,
Mo and W are added and the like have been developed (refer
to, for example, Patent Literature 1). However, since the
prices of rare metals such as Mo and W have been markedly
rising recently, the development of a material having a heat
resistance equivalent to these kinds of steel by using inexpen-
sive raw materials has become to be required.

Examples of materials having an excellent heat resistance
without using expensive chemical elements such as Mo and
W are disclosed by Patent Literatures 2 through 4. Patent
Literature 2 discloses a ferritic stainless steel to be used for
the parts of an exhaust gas flow channel of an automobile in
which Nb: 0.50 mass % or less, Cu: 0.8 mass % or more and
2.0 mass % or less and V: 0.03 mass % or more and 0.20 mass
% or less are added to a steel having a Cr content of 10 mass
% or more and 20 mass % or less. Patent Literature 3 discloses
aferritic stainless steel excellent in a thermal fatigue property
in which Ti: 0.05 mass % or more and 0.30 mass % or less,
Nb: 0.10 mass % or more and 0.60 mass % or less, Cu: 0.8
mass % or more and 2.0 mass % or less and B: 0.0005 mass %
or more and 0.02 mass % or less are added to a steel having a
Crcontent of 10 mass % or more and 20 mass % or less. Patent
Literature 4 discloses a ferritic stainless steel to be used for
the parts of an exhaust gas flow channel of an automobile in
which Cu: 1 mass % or more and 3 mass % or less is added to
a steel having a Cr content of 15 mass % or more and 25 mass
% or less. These kinds of disclosed steel are characterized by
having a thermal fatigue property improved by adding Cu.

CITATION LIST
Patent Literature
[PTL 1] Japanese Unexamined Patent Application Publica-

tion No. 2004-018921
[PTL 2] International Publication No. WO2003/004714
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2
[PTL 3] Japanese Unexamined Patent Application Publica-
tion No. 2006-117985
[PTL 4] Japanese Unexamined Patent Application Publica-
tion No. 2000-297355

SUMMARY OF INVENTION
Technical Problem

However, according to investigations carried out by the
present inventors, in the case where Cu is added as in the
methods disclosed by Patent Literatures 2 through 4, it has
been found that, formability and oxidation resistance are sig-
nificantly deteriorated.

The present invention has been completed in view of the
situation described above, and an object of the present inven-
tion is to provide a ferritic stainless steel having excellent
oxidation resistance, while preventing a deterioration in
formability, without adding expensive chemical elements
such as Mo and W.

The meaning of “having excellent oxidation resistance”
according to the present invention is that breakaway oxidation
does not occur (a weight gain by oxidation is 50 (g/m?) or
less) even if the steel is held in an atmospheric ambience at a
temperature of 1000° C. for a duration of 200 hours.

Solution to Problem

The present inventors diligently conducted investigations
in order to develop a ferritic stainless steel excellent in oxi-
dation resistance, while preventing a deterioration in form-
ability, without adding expensive chemical elements such as
Mo or W. As aresult, inventors found that excellent oxidation
resistance at a temperature of 1000° C. (hereinafter, called
1000° C. oxidation resistance) can be achieved by setting Cu
content to be 1.0 mass % or less, and, in addition, by setting Si
content to be 0.4 mass % or more and 1.0 mass % or less and
Al content to be 0.2 mass % or more and 1.0 mass % or less
while the relationship SizAl is satisfied, which led to the
completion of the present invention.

That is to say, the present invention provides a ferritic
stainless steel excellent in oxidation resistance having a
chemical composition containing, by mass %, C: 0.015% or
less, Si: 0.40% or more and 1.00% or less, Mn: 1.00% or less,
P: 0.040% or less, S: 0.010% or less, Cr: 12.0% or more and
23.0% or less, N: 0.015% or less, Nb: 0.3% or more and
0.65% or less, Ti: 0.150% or less, Mo: 0.10% or less, W:
0.10% or less, Cu: less than 1.00%, Al: 0.20% or more and
1.00% or less, while the relationship Siz=Al is satisfied, and
the balance being Fe and inevitable impurities.

Inaddition, the present invention provides the ferritic stain-
less steel excellent in oxidation resistance having a chemical
composition further containing one or more chemical ele-
ments selected from among, by mass %, B: 0.0030% or less,
REM: 0.08% or less, Zr: 0.50% or less, V: 0.50% or less, Co:
0.50% or less and Ni: 0.50% or less.

Advantageous Effects of Invention

According to the present invention, the ferritic stainless
steel excellent in 1000° C. oxidation resistance can be
obtained, while preventing a deterioration in formability,
without adding expensive chemical elements such as Mo or
W. The steel according to the present invention can be ideally
used for the parts of the exhaust system of an automobile.
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BRIEF DESCRIPTION OF DRAWINGS

FIG.11is a graphillustrating the influence of the contents of
Si and Al on oxidation resistance (a weight gain by oxida-
tion).

DESCRIPTION OF EMBODIMENTS

The fundamental experiments which led to the completion
of the present invention will be described. Hereinafter, %
used when describing chemical composition always denotes
mass %.

Steel having a basic chemical composition containing C:
0.006%, N: 0.007%, P: 0.03%, S: 0.003%, Mn: 0.2%, Cr:
15%, Nb: 0.49%, Cu: 0.5%, Ti: 0.005%, Mo: 0.01% and W:
0.01%, Si content was adjusted variously in the range 0f0.1%
or more and 1.5% or less and Al content was adjusted vari-
ously in the range of 0.02% or more and 1.5% or less was
smelted by using an experimental method and made into a
steel ingot of 50 kg. Then the steel ingot was subjected to hot
rolling, hot rolled annealing, cold rolling and finishing
annealing and made into a cold rolled and annealed steel sheet
having a thickness of 2 mm. A test specimen of 30 mmx20
mm was cut out of the cold rolled steel sheet obtained as
described above. Then a hole of 4 mm¢ was punched in the
upper part of the test specimen. Then the surface and the edge
face of the specimen was polished with a #320 emery paper.
Then degreased and then used in an oxidation test described
below.

<Continuous Oxidation Test in Air>

The test specimen described above was held in a furnace in
air at a temperature of 1000° C. for a duration of 200 hours.
Then a weight gain per unit area by oxidation (g/m?) was
derived from the measured difference in the mass of the test
specimen before and after the heating test. Two specimens per
each alloys were tested, and the case where there was a weight
gain by oxidation of 50 g/m? or more was regarded as a case
of breakaway oxidation, even one time was 50 g/m> or more.

FIG.1is adiagram illustrating the relationship between the
contents of Si and Al and oxidation resistance. This FIGURE
indicates that, in the case where the Si content is 0.4% or more
and the Al content is 0.2% or more while the relationship is
satisfied, breakaway oxidation does not occur, which means
that an excellent oxidation resistance is achieved.

The present invention has been completed by conducting
further investigations on the basis of the fundamental experi-
ments described above.

The ferritic stainless steel according to the present inven-
tion will be described in detail hereafter.

The chemical composition according to the present inven-
tion will be described.

C: 0.015% or less

C is a chemical element which is effective for increasing
the strength of steel, there is a significant deterioration in
toughness and formability in the case where C content is more
than 0.015%. Therefore, according to the present invention,
the C content is set to be 0.015% or less. It is preferable that
the C content be as small as possible from the viewpoint of
achieving formability, the carbon content preferably be
0.008% or less. On the other hand, it is preferable that the C
content be 0.001% or more in order to achieve a strength
which is required to the parts of an exhaust system. More
preferably C content is 0.002% or more and 0.008% or less.

Si: 0.40% or more and 1.0% or less and Al: 0.20% or more
and 1.00% or less, while the relationship SizAl is satisfied

Si and Al are both chemical elements which are important
for improving oxidation resistance. As FIG. 1 indicates, it is
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necessary to satisfy the conditions Si: 0.40% or more, Al:
0.20% or more and SizAl at the same time in order to achieve
excellent oxidation resistance at a temperature of 1000° C.
However, in the case where the Si content is more than 1.00%,
there is a deterioration in formability and a oxide scale spal-
ling property. In addition, in the case where the Al content is
more than 1.00%, there is a deterioration in formability and
even oxidation resistance. Therefore, the Si content is set to be
0.40% or more and 1.00% or less and the Al content is set to
be 0.20 mass % or more and 1.00 mass % or less while the
relationship SizAl is satisfied. It is preferable that the Si
content be 0.50% or more in the case where the oxidation
resistance in a severer environment is required.

The mechanism through which oxidation resistance is
improved in the ranges described above is not necessarily
clear. It is considered to be as follows.

A dense continuous Si oxide layer is formed on the surface
of a steel sheet in the case where the Si content is 0.40% or
more and the oxide layer blocks a penetration of oxygen from
anoutside. Moreover, some oxygen which penetrates through
the Si oxide layer into the inside of the steel sheet forms an
oxide in combination with Al in the case where the Al content
is 0.20% or more. Therefore, oxidation of Cr and Fe is sup-
pressed, which results in an improvement in oxidation resis-
tance. However, in the case where the relationship SizAl is
not satisfied, since Al has a smaller standard free energy of
formation of oxide, Al is preferentially combined with oxy-
gen before Si combines with oxygen. Therefore the Si oxide
layer cannot be sufficiently formed, which makes it impos-
sible to prevent the diffusion of oxygen into the steel sheet.
Therefore, breakaway oxidation tends to occur, because the
oxidation of Al, Cr and Fe significantly proceeds.

Mn: 1.00% or less

Mn is a chemical element which causes an increase in the
strength of steel. Mn is effective as a deoxidation agent, a y
phase tends to be formed at a high temperature in the case
where Mn content is excessively large, which results in a
deterioration in a heat resistance. Therefore, the Mn content is
set to be 1.00% or less, preferably 0.70% or less. It is prefer-
able that the Mn content be 0.05% or more in order to realize
the effect of increasing strength and deoxidation.

P: 0.040% or less

P is a harmful chemical element which causes a deteriora-
tion in ductility, it is preferable that P content be as small as
possible. Therefore, the P content is set to be 0.040% or less,
preferably 0.030% or less.

S: 0.010% or less

S is a harmful chemical element which causes a deteriora-
tion in elongation and an r value, which has a negative influ-
ence on a formability. S causes a deterioration in corrosion
resistance, which is the basic property of stainless steel, it is
preferable that S content be as small as possible. Therefore,
the S content is set to be 0.010% or less, preferably 0.005% or
less.

Cr: 12.0% or more and 23.0% or less

Cr is a chemical element which is effective for improving
corrosion resistance and oxidation resistance, which are char-
acteristics of stainless steel. Sufficient oxidation resistance
cannot be achieved in the case where Cr content is less than
12.0%. On the other hand, Cr is a chemical element which
causes an increase in hardness and a deterioration in ductility
due to solid solution strengthening of steel at room tempera-
ture. In particular, these negative influences become signifi-
cant in the case where the Cr content is 23.0% or more.
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Therefore, the Cr content is set to be 12.0% or more and
23.0% or less, preferably 14.0% or more and 20.0% or less.

N: 0.015% or less

Nis a chemical element which causes a deterioration in the
ductility and the formability of steel. These negative influ-
ences are significant in the case where N content is more than
0.015%. Therefore, the N content is set to be 0.015% or less.
Itis preferable that the N content be as small as possible from
the viewpoint of achieving good ductility and formability and
preferably N content be less than 0.010%.

Nb: 0.30% or more and 0.65% or less

Nb is a chemical element which is effective for improve-
ment in corrosion resistance, formability and intergranular
corrosion resistance at welded part by forming carbide,
nitride and carbonitride in combination with C and N. Nb is
effective for improvement in a thermal fatigue property by
increasing high-temperature strength. These effects can be
realized by setting Nb content to be 0.30% or more. On the
other hand, a Laves phase (Fe,Nb) tends to be precipitated in
the case where the Nb content is more than 0.65%, which
results in the acceleration of embrittlement. Therefore, the Nb
content is set to be 0.30% or more and 0.65% or less, prefer-
ably 0.40% or more and 0.55% or less.

Mo: 0.10% or less

Mo is an expensive chemical element, additionally in view
of the purpose of the present invention, Mo is not added
positively. However, Mo may be mixed in from the raw mate-
rial of steel such as scrap in the range of 0.10% or less.
Therefore, the Mo content is confined to be 0.10% or less.

W: 0.10% or less

W is an expensive chemical element like Mo, additionally
in view of the purpose of the present invention, W is notadded
positively. However, W may be mixed in from the raw mate-
rial of steel such as scrap in the range of 0.10% or less.
Therefore, the W content is confined to be 0.10% or less.

Cu: less than 1.00%

Cu is a chemical element which is very effective for
improving a thermal fatigue property. Cu causes a significant
deterioration in oxidation resistance and formability. This is
caused by the precipitation of e-Cu, and the precipitation of
e-Cu significantly occurs in the case where Cu content is
1.00% or more. On the other hand, since Cu is effective as a
solid solution strengthening element. And since the driving
force for precipitation of e-Cu becomes small, Cu is not
precipitated and is kept in the state of solid solution when the
Cu content is less than 1.00%. Cu contributes to the strength-
ening of steel without a significant deterioration in formabil-
ity and in oxidation resistance. It is preferable that the Cu
content be 0.2% or more in order to realize this effect. There-
fore, the Cu content is set to be less than 1.00%, preferably
0.30% or more and 0.80% or less, more preferably 0.30% or
more and 0.70% or less.

Ti: 0.150% or less

Ti is effective for improving corrosion resistance, form-
ability and intergranular corrosion resistance of a welded part
by fixing C and N like as Nb does. However, this effect
saturates and there is anincrease in the hardness of steel in the
case where Ti content is more than 0.150% in the present
invention containing Nb. Therefore, the Ti content is set to be
0.150% or less. Since Ti has higher affinity for N than Nb
does, Ti tends to form TiN of a large size. Since TiN of a large
size tends to become an origin of a crack and causes a dete-
rioration in toughness. It is preferable that the Ti content be
0.010% or less in the case where the toughness of a hot rolled
steel sheet is necessary. Since it is not necessary to positively
add Ti in the present invention, the lower limit of the Ti
content includes 0%.

One or more chemical elements selected from among B,
REM, Zr, V, Co and Ni may be further contained in the ferritic
stainless steel according to the present invention in addition to
the chemical composition described above.
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B: 0.0030% or less

B is a chemical element which is effective for improving
formability, in particular, secondary formability. However, in
the case where B content is more than 0.0030%, B causes a
deterioration in formability by forming BN. Therefore, in the
case where B is contained, the B content is set to be 0.0030%
or less. Since the effect described above is realized in the case
where the B content is 0.0004% or more, it is preferable that
the B content be 0.0004% or more and 0.0030% or less.

REM: 0.08% or less and Zr: 0.50% or less

REM (rare earth elements) and Zr are chemical elements
which are effective for improving oxidation resistance and
may be added as needed in the present invention. However, in
the case where the content of REM (the sum of the contents of
REM in the case where plural kinds of REM are contained) is
more than 0.08%, there is the deterioration of the embrittle-
ment of steel, and, in the case where Zr content is more than
0.50%, there is also the deterioration of the embrittlement of
steel due to the precipitation of Zr intermetallic compound.
Therefore, in the case where REM is contained, the content of
REM is set to be 0.08% or less, and, in the case where Zr is
contained, the Zr content is set to be 0.50% or less. Since the
effect described above is realized in the case where the con-
tent of REM is 0.01% or more and in the case where the Zr
content is 0.0050% or more. It is preferable that the content of
REM be 0.01% or more and 0.08% or less and that the Zr
content be 0.0050% or more and 0.50% or less.

V:0.50% or less

V is a chemical element which is effective for improving
formability and oxidation resistance. However, in the case
where V content is more than 0.50%, V(C,N) of a large size is
precipitated, which results in the deterioration of surface
quality. Therefore, in the case where V is contained, the V
content is set to be 0.50% or less. It is preferable that the V
content be 0.15% or more and 0.50% or less in order to realize
the effect of improving formability and oxidation resistance,
more preferably 0.15% or more and 0.40% or less.

Co: 0.50% or less

Co is a chemical element which is effective for improving
toughness. However, Co is an expensive chemical element
and the effect of Co saturates in the case where Co content is
more than 0.50%. Therefore, in the case where Co is con-
tained, the Co content is set to be 0.50% or less. Since the
effect described above is effectively realized in the case where
the Co content is 0.02% or more. It is preferable that the Co
content be 0.02% or more and 0.50% or less, more preferably
0.02% or more and 0.20% or less.

Ni: 0.50% or less

Ni is a chemical element which improves toughness. How-
ever, since Ni is expensive and a chemical element which
strongly forms a y phase. Ni causes a deterioration in oxida-
tion resistance by forming a y phase at a high temperature in
the case where Ni content is more than 0.50%. Therefore, in
the case where Ni is contained, the Ni content is set to be
0.50% or less. Since the effect described above is effectively
realized in the case where the Ni content is 0.05% or more. It
is preferable that the Ni content be 0.05 or more and 0.50 or
less, more preferably 0.05% or more and 0.40% or less.

The remainder of the chemical composition consists of Fe
and inevitable impurities. Among the inevitable impurities, it
is preferable that O content be 0.010% or less, Sn content be
0.005% or less, Mg content be 0.005% or less and Ca content
be 0.005% or less. More preferably the O content be 0.005 or
less, the Sn content be 0.003% or less, the Mg content be
0.003% or less and the Ca content be 0.003% or less

The method for manufacturing the ferritic stainless steel
will be described hereafter. The stainless steel according to
the present invention may be manufactured using a common
method for manufacturing a ferritic stainless steel and there is
no particular limitation on the manufacturing conditions.
Examples of ideal manufacturing methods include smelting
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steel by using a well-known melting furnace such as a steel
converter or an electric furnace. Further, optionally, making
the steel have the chemical composition according to the
present invention described above by performing secondary
refining such as ladle refining or vacuum refining. Then mak-
ing a slab of the steel by using a continuous casting method or
an ingot casting-blooming rolling method. And then making
the slab a cold rolled and annealed steel sheet through the
processes such as hot rolling, hot rolled annealing, pickling,
cold rolling, finishing annealing, pickling and so forth. The
cold rolling described above may be performed one time or
repeated two times or more with process annealing in
between, and the processes of cold rolling, finishing anneal-
ing and pickling may be performed repeatedly. Moreover,
optionally, hot rolled annealing may be omitted, and skin pass
rolling may be performed after cold rolling or finishing
annealing in the case where brightness of a steel sheet is
required.

Examples of more preferable manufacturing conditions are
as follows.

It is preferable that some of the conditions of a hot rolling
process and a cold rolling process be specified. In a steel
making process, it is preferable to smelt molten steel having
the essential chemical composition described above and the
optional chemical elements to be added as needed and to
perform secondary refining by using a VOD method (Vacuum
Oxygen Decarburization method). The smelted molten steel
may be made into a steel material in a well-known method. It
is preferable to use a continuous casting method from the
viewpoint of productivity and material quality. The steel
material obtained through a continuous casting process is
heated up to a temperature of, for example, from 1000° C. or
higher and 1250° C. or lower. And then made into a hot rolled
steel sheet having a specified thickness. It is needless to say
that the steel material may be made into a material of a shape
other than a sheet. This hot rolled steel sheet is subjected to,
as needed, batch annealing at a temperature of 600° C. or
higher and 800° C. or lower or continuous annealing at a
temperature of 900° C. or higher and 1100° C. or lower. And
then it is made into a hot rolled sheet product after being
descaled by performing pickling or the like. In addition, as
needed, descaling may be performed by using a shot blasting
method before pickling being performed.

In orderto obtain a cold rolled steel sheet, the hot rolled and
annealed steel sheet obtained as described above is made into
a cold rolled steel sheet through a cold rolling process. In this
cold rolling process, in accordance with manufacturing cir-
cumstances, cold rolling may be performed two times or more
with process annealing in between as needed. The total roll-
ing ratio of the cold rolling process, in which cold rolling is
performed for one, two or more times, is set to be 60% or
more, preferably 70% or more. The cold rolled steel sheet is
subjected to continuous annealing (finishing annealing) at a
temperature of 900° C. or higher and 1150° C. or lower,
preferably 950° C. or higher and 1120° C. or lower, and
pickling, and then made into a cold rolled and annealed steel
sheet. In addition, in accordance with use application, the
shape of and the material quality of the steel sheet may be
adjusted by performing rolling with a light reduction ratio
(such as skin pass rolling) after cold rolled annealing being
performed.

The hot rolled sheet product or cold rolled and annealed
sheet product obtained as described above are formed into the
exhaust pipe of an automobile or a motor bicycle, a material
to be used for a catalyst outer cylinder, the exhaust air duct of
a thermal electric power plant, or a part related to a fuel cell
(such as a separator, an inter connector or a reformer) by
performing bending work or other kinds of work in accor-
dance with use application. There is no limitation on welding
methods for assembling these parts, and common arc welding
methods such as MIG (Metal Inert Gas), MAG (Metal Active
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Gas) and T1G (Tungsten Inert Gas), resistance welding meth-
ods such as spot welding and seam welding, high-frequency
resistance welding methods such as electric resistance weld-
ing and high-frequency induction welding methods may be
applied.

EXAMPLES
Example 1

Each of the steel No. 1 through 18 having chemical com-
positions given in Table 1 was smelted by using a vacuum
melting furnace and made into steel ingot of 50 kg. This ingot
was heated up to a temperature of 1170° C., then subjected to
hot rolling and made into a hot rolled steel sheet having a
thickness 5 mm. Then it is subjected to hot rolled annealing at
a temperature of 1040° C., and then pickling. This hot rolled
steel sheet was subjected to cold rolling with a rolling ratio of
60%, finish annealing at a temperature of 1040° C., cooling at
a cooling rate of 5° C./sec, pickling and then made into a cold
rolled and annealed steel sheet having a thickness of 2 mm.
Each of the steel No. 1 through 10 is an example in the range
according to the present invention. And each of the steel No.
11 through 18 is a comparative example out of the range
according to the present invention. Among the comparative
examples, steel No. 11 has a chemical composition corre-
sponding to SUS444, No. 12 has a chemical composition
corresponding to Type429, and No. 16, No. 17 and No. 18
respectively have chemical compositions corresponding to
example 3 of Patent Literature 2, example 3 of Patent Litera-
ture 3 and example 5 of Patent Literature 4. Cold rolled and
annealed steel sheets No. 1 through 18 were used in an oxi-
dation test as described below.

<Continuous Oxidation Test in Air>

A sample of 30 mmx20 mm was cut out of each of the cold
rolled and annealed steel sheets obtained as described above.
Then a hole of 4 mm¢ was punched in the upper part of the
sample, then the surface and the edge face of the sample was
polished with a #320 emery paper, then degreased. And then
the sample was suspended in a furnace heated up to a tem-
perature of 1000° C. in an atmospheric ambience for a hold-
ing time of 200 hours. After the test, the mass of the sample
was measured, and then a weight gain by oxidation (g/m?)
was calculated by deriving the difference between the mass
measured before and after the test. Two specimens per each
alloys were tested, and oxidation resistance in air was evalu-
ated by using the mean value of the difference in mass.

The results of the continuous oxidation test in air are addi-
tionally given in Table 1 as 1000° C. oxidation resistance. In
the column of 1000° C. oxidation resistance, O denotes a
case where breakaway oxidation did not occur, and x denotes
a case where breakaway oxidation occurred. As Table 1 indi-
cates, itis confirmed that any of the steel of the example ofthe
present invention which is within the range of the present
invention is, similarly to No. 11 which has a chemical com-
position corresponding to SUS444, excellent in 1000° C.
oxidation resistance, because breakaway oxidation did not
occur. In contrast, it is confirmed that any of the steel of the
comparative example which is out of the range according to
the present invention other than No. 11 is poor in 1000° C.
oxidation resistance, because breakaway oxidation occurred.
In the present invention, since Cu content is less than 1.00%,
there is not a significant deterioration in formability. Mo
content of No. 11 is 1.87% (being chemical composition
corresponding to SUS444) is out of the range of the present
invention.

INDUSTRIAL APPLICABILITY

The steel according to the present invention can be ideally
used not only for the parts of an exhaust system of an auto-
mobile but also the parts of an exhaust system of a thermal
electric power system and the parts of a solid-oxide fuel cell
for which similar properties as that of the parts of an exhaust
system of an automobile are required.
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TABLE 1
Unit of Chemical Composition: mass %
1000° C.
Sam- Oxida-
ple tion Re-
No. C Si Mn Al P S Cr Cu Nb Ti Mo w N Others Si—Al  sistance* Note
1 0008 060 024 053 0034 0003 17.7 049 030 0005 — —  0.010 — 0.07 o Example
2 0.008 043 019 038 0032 0003 219 039 047 0006 — —  0.009 — 0.05 o Example
3 0.006 0.67 0.18 034 0026 0.003 193 034 054 0007 — —  0.006 — 0.33 o Example
4 0006 058 025 042 0024 0.004 147 046 051 0009 — —  0.008 — 0.16 o Example
5 0.007 048 030 039 0027 0003 153 075 048 0.006 — —  0.007 — 0.09 o Example
6 0.007 077 032 072 0027 0002 12.6 061 041 0.008 — —  0.008 V:0.22 0.05 o Example
7 0.006 0352 028 046 0035 0.002 161 050 044 0.008 — — 0.007 B:0.0015 0.06 o Example
8 0.007 0.64 021 040 0032 0003 169 069 048 0.005 — — 0.008 Zr: 0.12 0.24 o Example
9 0.007 072 033 049 0029 0.002 182 025 052 0007 — —  0.009 Co:0.19 0.23 o Example
10 0.008 045 026 028 0.033 0.003 140 0.82 043 0007 — — 0.007 REM: 0.05 0.17 o Example
11 0007 031 042 002 0031 0003 187 0.02 032 0005 1.87 0.02 0.008 — 0.29 o Comparative
Example*1
12 0007 0.82 027 001 0026 0.003 144 0.03 045 0005 — —  0.008 — 0.81 X Comparative
Example*2
13 0007 079 021 0.06 0028 0.003 17.6 041 043 0009 — —  0.008 — 0.73 X Comparative
Example
14 0006 043 019 082 0.031 0.002 189 049 051 0005 — —  0.007 — -0.39 X Comparative
Example
15 0005 055 025 034 0029 0.004 203 1.67 032 0008 — —  0.007 — 0.21 X Comparative
Example
16 0.008 032 0.05 0.01 0028 0002 170 193 033 0010 001 0.02 0.010 Ni:0.10 0.31 X Comparative
V:0.10 Example*3
17 0009 046 054 001 0.029 0.003 189 136 035 0.08 0.01 0.02 0.007 Ni:0.10 0.46 X Comparative
V:0.03 Example*4
B:0.0030
18  0.006 0.22 0.05 0.05 0.005 0.005 188 1.65 042 0.090 0.02 0.02 0.006 Ni:0.15 0.17 X Comparative
Example*5

Underline indicates the value out of the range according to the present invention.

*1000° C. Oxidation Resistance: x with Breakaway Oxidation o without Breakaway Oxidation

*18US444
*2Typed29
*3Example 3 of Patent literature 2
*4Example 3 of Patent literature 3
*SExample 5 of Patent literature 4

The invention claimed is:

1. A ferritic stainless steel having a chemical composition
containing, by mass %, C: 0.015% or less, Si: 0.40% or more
and 1.00% or less, Mn: 1.00% or less, P: 0.040% or less, S:
0.010% or less, Cr: 15.3% or more and 23.0% or less, N:
0.015% or less, Nb: 0.30% or more and 0.65% or less, Ti:
0.150% or less, Mo: 0.10% or less, W: 0.10% or less, Cu: less
than 1.00%, Al: 0.20% or more and 1.00% or less, while the
relationship mass % of Si mass % of Al is satisfied, and the
balance being Fe and inevitable impurities.

2. The ferritic stainless steel of claim 1, further containing
one or more chemical elements selected from the group con-
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sisting of, by mass %, B: 0.0030% or less, REM: 0.08% or
less, Zr: 0.50% orless, V: 0.50% or less, Co: 0.50% or less and
Ni: 0.50% or less.

3. The ferritic stainless steel of claim 1, wherein the mass %
of'Si is greater than the mass % of Al by at least 0.05%.

4. The ferritic stainless steel of claim 1, wherein the mass %
of'Si is greater than the mass % of Al by at least 0.17%.

5. The ferritic stainless steel of claim 1, wherein the mass %
of Si is from 0.43% or more and 1.00% or less.

6. The ferritic stainless steel of claim 1, wherein the mass %
of Al is from 0.28% or more and 1.00% or less.

#* #* #* #* #*



